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A B S T R A C T To investigate the fate of intrinsic factor and cobalamin during cobalamin absorption, we incubated enterocytes isolated from guinea pig ileum for periods of up to 30 min with 57Co-labeled cyanocobalamin bound either to human intrinsic factor or to rabbit intrinsic factor biosynthetically labeled with [35S] methionine. When the labeled complex was incubated for 30 min with isolated ileal cells under conditions that block cellular metabolism, virtually all cellular radioactivity could be removed by washing the cell surface with EDTA or acid. In contrast, washing removed only half the radioactivity from cells incubated at 370C in 02 When residual cellular radioactivity was extracted and analyzed by gel filtration, 80-94% of both the 35S and 57Co radioactivity eluted in the same fractions as the original complex. The remaining 6-20% eluted as free [57Co]cobalamin or [35S]methionine. To examine events occurring after 30 min, we instilled into tied-off ileal loops of intact guinea pigs radiolabeled intrinsic factor-cobalamin complex and extracted nondissociable radioactivity 2-4.5 h later. The proportion of extracted 57Co eluting as free cobalamin increased to 39-46%, that eluting as intrinsic factor-cobalamin complex declined to 22-45%, and 9-34% now eluted as a macromolecule that reacted with antitranscobalamin II antibody but not antiintrinsic factor antibody. Extracted 35S radioactivity eluted in several peaks in addition to the intrinsic factor peak. These findings suggest that (a) after reversible attachment of intrinsic factor-cobalamin complex to its ileal surface receptor, an energy-dependent process prevents removal of the complex from the cell INTRODUCTION Efficient intestinal absorption of physiologic amounts of cobalamin (Cbl),' previously called vitamin B12, requires binding of the vitamin to gastric intrinsic factor (IF) followed by attachment of the IF-Cbl complex to specific receptors present on the surface of ileal absorptive cells (1) . Although detailed information is available about these initial events, the subsequent fate of the IF-Cbl complex remains uncertain. Investigations to date have yielded conflicting conclusions. Results of experiments with everted gut sacs (2, 3) , isolated loops of ileum (4) , and intact animals (5, 6) have suggested that the entire IF-Cbl complex may enter the absorptive cell, whereas other results with everted sacs (7) and ileal loops (8) have been consistent with release of Cbl from the IF-Cbl complex and retention of IF at the cell surface.
Previous workers have measured ileal uptake of radioactively labeled cyanocobalamin in the presence and absence of IF. Since either EDTA or acidification below pH 5.4 completely dissociates IF-Cbl complex from its receptor on isolated ileal brush borders or microvillus membranes (MVM) (9) , surface attachment of labeled Cbl has been distinguished from cellular absorption by measuring radioactivity before and after washing ileal mucosa with EDTA or an acidified buffer. In one recent study (8) (11) .
Rabbit IF biosynthetically labeled with "S. Explants of rabbit oxyntic mucosa were maintained in organ culture as described previously (12) Under these conditions, 47±6% (SD) of the radioactivity taken up could be dissociated from the cells by 2.5 mM EDTA whereas 53±6% (SD) was considered to be "internalized" in that it could not be removed from the cell surface. Table I shows, however, that when cells were incubated at either 40 or at 370C in the presence of the uncoupler of oxidative phosphorylation CCCP, total Cbl uptake was reduced by ap- Fig. 2 shows that in the absence of anti-IF antibody, all the extracted 35S radioactivity eluted in the IF peak. Of the extracted 57Co radioactivity, 92% eluted in this same peak. The ratio of 35S to 57Co radioactivity in the peak was the same as that in the original incubation medium. Moveover, reaction with anti-IF antibody shifted all of the 35S and 57Co radioactivity to the void volume. In vivo studies. To examine ileal mucosal uptake of IF-Cbl for periods longer than 30 min, we instilled human IF-bound [57Co]Cbl into tied-off ileal loops of guinea pigs and at various intervals thereafter, isolated enterocytes from these loops. In all experiments, Cbl was absorbed from ileal loops as indicated by readily detectable 57Co radioactivity in plasma and increasing amounts of radioactivity in the liver, spleen, and kidneys. Afer 30 min of in vivo incubation, the results of gel filtration (Fig. 3A) were the same as those obtained after 30 Fig. 4 shows that when this IF peak was treated with an excess of anti-TCII antibody and reapplied to the column, 59% of the radioactivity now shifted to the void volume and the remaining 41% eluted with the IF peak. In two additional experiments, the extracted cellular radioactivity was treated with both anti-IF antibody and anti-TCII antibody before gel filtration. Now 80-87% of the IF peak shifted to the void volume (Fig. 5) .
In three separate experiments, we instilled purified rabbit 35S-labeled IF bound to unlabeled Cbl into tiedoff ileal loops, isolated enterocytes from these loops 4.5 h later, and extracted the internalized 35S radioactivity. Fig. 6 shows that the original complex yielded a single peak of radioactivity, which shifted entirely to the void volume when treated with anti-IF antibody. In contrast, the 35S extracted from cells yielded several peaks of radioactivity (Fig. 6) . One peak of 35S eluted in the region of purified 35S-IF. One peak eluted before and several peaks eluted after the IF peak. When the extracted radioactivity was reacted with anti-IF antibody, all of the 35S in the IF peak and 85% of that in the smaller peaks shifted to the void volume. To be certain that these peaks of 35S radioactivity were not produced by tissue proteases activated during the extraction procedure, we added tissue protease inhibitors throughout one extraction and obtained identical results. (9) . Therefore, by incubating isolated ileal cells with radiolabeled IF-bound Cbl and by washing these cells with EDTA or a pH 5.0 buffer, we were able to distinguish radioactivity attached to the cell surface from that which had been internalized. The washing procedure used was particularly vigorous to assure complete removal of surface attached radioactivity.
When (24) . Until now, however, it has not been possible to delineate clearly the early time course of these two phases of IF-mediated cellular uptake of Cbl (Fig. 1) (Table II) . Moreover, both the -5S and 57Co radioactivity extracted from ileal cells after washing with EDTA eluted in a single peak of radioactivity identical to that obtained with IFbound Cbl and that reacted with anti-IF antibody.
When radiolabeled IF-Cbl complex was incubated in ileal loops of intact guinea pigs for 30 min, the results were similar to those obtained with in vitro incubations: nearly all the internalized radioactivity was present as immunoreactive IF-Cbl complex. After 2 and 4.5 h of such in vivo incubation, however, the proportion of internalized radioactivity present as free Cbl increased markedly. In addition, an increasing amount of [57Co]Cbl was now bound to a macromolecule which reacted with anti-TCII antibody but not with anti-IF antibody.
These observations suggest that internalized Cbl is slowly released from IF and then binds to a macromolecule antigenically similar to TCII. The binding of Cbl to a TCII-like molecule within guinea pig ileal mucosa has previously been described by Rothenberg et al. (26) and is consistent with the results of in vivo perfusions of Cbl in rats (27) as well as indirect observations in man (28) . Still unclear is whether the TCII-like molecule is synthesized by the ileal cell or enters that cell from plasma. Results reported by Rothenberg et al. (26) suggest that this binder cannot be detected in ileal cells until Cbl absorption occurs.
To examine the fate of internalized IF, we incubated 35S-labeled IF bound to Cbl in guinea pig ileal loops for 4.5 h. When the m5S radioactivity was extracted from these loops and filtered on Sephadex, it eluted not only as immunoreactive IF, but also as a highmolecular weight peak in the void volume and as several small peaks, some of which reacted with anti-IF antibody. These results suggest that cellular degradation yields fragments of -5S-labeled IF, some of which share antigenic determinants with intact IF (Fig. 6) 
